Background: Traditional treatment of functional dyspepsia (FD) is unsatisfactory in a subgroup of patients with FD, and the potential role of antidepressant medications also has not been definitely clarified. To provide more evidence for future optimal practice recommendations, we reviewed a 1-year clinical database of antidepressant agents applied in outpatients with FD.
Introduction
Functional dyspepsia (FD) is a widely recognized functional gastrointestinal disorder (FGID) characterized by epigastric pain, meal-related fullness or satiety, and absence of an organic cause that readily explains them. [1] The prevalence of uninvestigated dyspepsia or FD, diagnosed by Rome III criteria, has been reported to be 5.3% to 20.4% in the general population. [2] There are 2 FD subtypes according to Rome foundation: epigastric pain syndrome (EPS) and postprandial distress syndrome (PDS). [3] The diverse clinical manifestations and uncertain pathophysiological mechanisms made it difficult to choose proper medication to manage the condition. Standard treatments include dietary modifications, proton pump inhibitor (PPI), antispasmodics, and prokinetics, which were applied based on predominant symptoms. [4] Majority of the patients with FD seek for medical care continuously because of limited benefits from traditional therapies, which induces considerably impaired quality of life, poor work productivity, and high economic burden on society. [4] [5] [6] [7] Because the current treatment of FD is often unsatisfactory and challenging, many patients with FD refer to alternative therapies. With central perception of peripheral visceral events disturbed in FD, psychiatric illness and manifestation of somatization are prevalent in patients with FGIDs. [8] Furthermore, it has been revealed that PDS is independently associated with psychopathological factors. [9] As a result, the role of antidepressant medications in FD has been investigated in recent researches. [10] [11] [12] [13] Therapy aimed at improving mental status and quality of life have been a valuable intervention in FD patients. [14] The efficacy of antidepressant drugs on FD was inconsistent in different randomized controlled trials (RCTs). A few previous studies have identified positive efficacy of some antidepressant mediations, including reducing dyspepsia symptom score, improving quality of life, and relieving anxiety and depression. [10, 15] A recent systematic review and meta-analysis of 13
RCTs in FD did not draw a firm conclusion for the efficacy of antidepressants, because it showed the effect appeared to be limited to antipsychotics and tricyclic antidepressants (TCADs), with fewer trials for other agents. [16] More investigation is required to address this uncertainty.
In our hospital, we have observed successful attempts in using antidepressants to treat patients with refractory FD. We performed a retrospective review to validate this clinical experience and quantify its effect on patients with refractory FD.
Methods
This retrospective study evaluated the efficacy and safety of antidepressant medications for management of annoying symptoms of FD. Informed consent from patients was not required as patients' records were reidentified and anonymized before data analysis. The study was approved by the review board of Sir Run Run Shaw Hospital, School of Medicine, Zhejiang University (No. 2017-271-01).
Subjects
Outpatient electronic medical records were reviewed to identify patients who were referred to the FGID specialist clinic of Sir Run Run Shaw Hospital in 2016. Several criteria were used to determine if the patients with FD were suitable candidates to be included in the review. Adult patients, aged 18 years and older, diagnosed FD (identified by Rome III criteria) were selected for the study if they had initially received antidepressant medication between January 1, 2016 and December 31, 2016. [17] All patients had undergone appropriate gastrointestinal (GI) diagnostic tests (e.g., endoscopy, abdominal ultrasonography, blood, and stool studies) and organic GI diseases that may be a possible explanation for the symptoms had been ruled out before treatment. There was at least 1 follow-up interview after initiation of antidepressant therapy. Subjects with other GI conditions that potentially explain their symptoms or those presented with additional organic GI diseases (e.g., peptic ulcer, reflux esophagitis, inflammatory bowel disease) were excluded from this study. Meanwhile, subjects with active psychiatric disease requiring antidepressants or other ongoing psychiatric interventions were not included either.
After chart review completed, the symptom patterns of included patients were divided into 3 groups as defined by the patients' most predominant complaint at their initial visit: PDS, EPS, or both. [17] 
Antidepressant therapy
The type and dose of antidepressants were not systematically controlled, and the dosage of medication could be adjusted in the serial of clinical visits for each individual. Patients were treated with different antidepressant agents and dosage according to individual illness features. Patients with abdominal pain were more likely to be given flupenthixol melitracen, while with fullness were more likely to be given sulpiride. Some patients were given regimens combining antidepressants and antipsychotics. Initially, very small dose antidepressants were prescribed, which were gradually increased to certain level of small dose in the follow-up interviews according to the symptom remission percentage and drug tolerance. In cases of slight improvement, strategies such as increasing dosage of monotherapy, or the combination of antidepressants were employed. Accompanying symptom such as poor appetite, solid, or loose stool would also influence the medication selection. Medication adjustment was recorded and categorized by unsatisfactory response, unacceptable side effects or other reasons. PPI, prokinetics, or so were sometimes used as complementary medication for additional symptom relief.
Assessment of symptoms relief
To measure the response of antidepressant therapy, an established 4-point Likert-type scale (0, no improvement or worse; 1, slight improvement, but requiring more tests or treatment adjustment; 2, moderate improvement, stable regimen but not completely resolved, no further evaluation; 3, clinical remission, near-complete resolution of symptoms, complete satisfaction with treatment) was used in the serial clinical follow-up records. [18] Any other complementary therapy or intervention that may increase symptom relief was recorded.
Study outcomes
The primary outcome of this current study was to determine symptomatic outcome in a cohort of subjects with FD treated with antidepressant therapies, and to determine if the outcome varied depending on the specific medication administration, symptom manifestation, or other clinical features. Secondary outcomes were to evaluate adverse effects of antidepressant therapy and long-term remission.
Data collection
Data were extracted from the Sir Run Run Shaw outpatient electronic medical information system and entered into a database by 2 investigators independently. Patient demographics, clinical symptoms, medication history, GI diagnostic tests, antidepressant therapy, and adverse effects were collected. Antidepressant treatment information included the type and dose used, treatment response, and self-reported adherence. Any disagreement was resolved by a third researcher. Thirty months after initial treatment were followed up with telephone interview to observe the disease recurrence rate and medication compliance.
Statistical analysis
Throughout the manuscript, "improvement" indicated a response rating ≥1 and included the remitted subjects (response rating = 3). Age of individuals and duration of FD symptoms were transformed to the dichotomous variables (young vs old, short vs long) by the median for further analysis. Chi-square test was used to evaluate response rate between different medications. Univariate analysis was used to assess differences between subjects with or without clinical response in demographic and illness features. Logistic regression analysis was performed to determine the independent effects of demographic data and clinical features in predicting response with antidepressant therapy. A 2-tailed value of P < .05 was considered as statistical significance. All statistical analyses were performed using SPSS version 22. 
Results

Subjects
Among the total patients (n = 1524) referred to this specialist clinic for refractory GI symptoms (e.g., abdominal pain, bloating), 9.4% (n = 144) patients met the inclusion criteria for study cohort, 49.9% (n = 761) were excluded because of symptom remission by routine treatment (e.g., PPI, prokinetics, antispasmodics, probiotics, digestive enzyme), 5.6% (n = 86) were excluded for presence of other FGIDs, and 35.1% (n = 533) were excluded for presence of organic diseases (e.g., inflammatory bowel disease, peptic ulcer, reflux esophagitis). A total of 144 patients meeting inclusion criteria were identified for further review. Fourteen patients were subsequently excluded for failure to follow-up after initiation of antidepressant therapy and 130 cases were available for final analysis (Fig. 1 ). All of the 130 patients with FD were unsuccessfully managed with routine therapies. The mean patient age was 50.5 years with a range of 18 to 83 years, and 88 patients (67.7%) were female. The average body mass index (BMI) of included patients was 21.2. The incidence of hyperlipidemia, hypertension, and diabetes mellitus in the included patients was 3.4%, 11.4%, and 2.3% respectively.
Among the included patients, 38 patients (29.2%) had epigastric pain-predominant symptoms, 64 (49.2%) had postprandial distress-predominant symptoms, and the remaining 28 (21.6%) complained of both abdominal pain and fullness. More prevalence of PDS in China was consistent with previous research. [12] The mean duration of GI symptoms before initial evaluation was 4.3 ± 0.3 years. Nine patients had definite life events (e.g., divorce, relative's death) before onset of dyspeptic symptoms.
Treatment response
Thirty-three subjects (25.4%) of all had been treated with only 1 antidepressant, 91 (70%) were treated with 2, and 6 (4.6%) had changed medication consecutively. Antidepressant agents, in descending order of referring frequency were flupenthixol melitracen, fluoxetine, sulpiride, paroxetine, citalopram, mirtazapine, sertraline, duloxetine, amitriptyline, and venlafaxine. The selection of specific medications for different patients was on the basis of the individual psychiatric features. The most commonly applied regimens were flupenthixol melitracen plus fluoxetine and sulpiride plus fluoxetine. The dosages employed were smaller than regular use in department of mental health. [19] Following initiation of antidepressants therapy, symptom improvement was obtained in 122 patients (93.8%) at certain time in follow-up (within 1 year): symptoms remission (score = 3) occurred in 71 patients (54.6%), and the average time to obtain remission was 3.4 months; moderate improvement (score = 2) was obtained in 33 patients (26.2%). Once remission was achieved, only 3 patients relapsed after tapering the dose. Clinical response of antidepressant treatment applied in 10 or more patients is listed in Table 1 . There was a trend toward superior outcome for citalopram compared to sulpiride (Chi-square 2.97, P = .085) and mirtazapine (Chi-square 2.86, P = .091), whereas no difference of remission rate was found between other medications. In addition, remission rate was not related with patient BMI or metabolic diseases. Complete symptom remission occurred in 46.9% of subjects with PDS versus 57.9% for subjects with EPS and 67.9% with both PDS and EPS. In PDS subgroup analysis, regimens contained fluoxetine had significant increased remission rate compared to any other antidepressant regimens (Chi-square 7.519, P = .006), whereas there was no difference of remission rate between medications based on EPS subgroup or symptom patterns. Overall, the patients reported a high degree of satisfaction with antidepressant treatments.
When subjects with symptom remission were compared with the remainder, young patients tended to lead a poorer outcome (P = .065). Furthermore, when given sulpiride or fluoxetine, patients with younger age were associated with a poorer outcome (P = .001 and P = .005, respectively).
However, sex and symptom duration were not associated with response to antidepressants. Logistic regression analysis did not identify any independent predictors of favorable outcomes. 
Discussion
In present study, we reviewed a 1-year clinical experience to explore whether antidepressant therapies were valuable for treatment of patients with FD. This study provided real-world insights for future randomized trials in the application of antidepressants for FD. The findings from this retrospective review showed the benefit of antidepressants in treating refractory FD patients who were unresolved by traditional therapies. Four major findings were identified for future clinical treatment: antidepressants achieved a high response rate in patients with FD; citalopram had a trend toward to be superior to sulpiride and mirtazapine in overall analysis, whereas regimens that contained fluoxetine had significant increased remission rate compared to any other antidepressant regimens in PDS subgroup analysis; small dosages of antidepressants were employed and few adverse effects occurred during improvement; and older patients seemed to have a better outcome. This observation appeared to highlight the role of visceral afferent mechanisms in patients with FD. These demographic features were similar to those from prior reports of patients with FD. [12, 20] Patients with FD have been found to display visceral hypersensitivity and abnormal central processing of pain. [21, 22] In hypersensitive patients with FD, anxiety is significantly and negatively correlated with discomfort threshold, pain threshold, and compliance. [23] It has been identified that the receptors of many psychotropic medications including selective serotonin reuptake inhibitor (SSRI), 5-hydroxytryptamine (5-HT)-1A receptor agonists, and TCADs are located throughout the brain and GI tract, and their ability on modulating depression remission, motor function, and visceral pain perception contributes to the efficacy of neuromodulators in patients with FD. [24, 25] It seems that antidepressants may reduce the severity of comorbid psychological symptoms, including anxiety and depression which may exacerbate symptoms. [16] SSRI is a class of antidepressants, and has been approved to reduce somatization and improve effective response to chronic visceral pain, which are independent of its antidepressive actions. [26] Antidepressants are also associated with sleep and gastric accommodation restoration. [27] [28] [29] As a result, these drugs have been proposed as potential therapies for FD.
A meta-analysis has been conducted to assess the effects of psychotropic drugs compared with placebo on FD symptoms and adverse events. [16] Because of the different drugs of 5-HT-1A receptor agonists used or few trials included, the results were conflicting. The dosage of psychotropic drugs used in those studies was much larger than those we employed in our gastroenterology clinic for patients with FD. That's the reason much higher adverse effects occurrence rate (21.9%) was reported, which led to high drop-out rate in these trials. Moreover, whether psychotropic treatments were more effective than established drugs, such as PPI, could not be concluded from that meta-analysis.
Our study has identified that psychotropic treatments is credible in management of FD symptoms. Because the included patients of this study were those who have been unsuccessfully managed with PPIs and prokinetics, this study indicated that antidepressants may be more effective than traditional therapies. We also noted that improvement and remission of FD symptoms occurred with small dosages of antidepressant medications, so that larger dosages usually used for psychiatric disorders were not necessary. [4] Furthermore, employment of low dosages obviously minimized the side effects that are likely to interfere with compliance and efficacy measures. Efforts must be taken by the physician to have a good explanation at the initiation of therapy because most patients have negative connotations of antidepressants. Moreover, this study also suggested younger patients were less likely to get remission than older patients. Differences in their pressure and stress exposure, lifestyle, and compliance may partially explain this observation; however, further investigation is warranted. In this perspective, in addition to the optimized antidepressants, the study calls for the comprehensive care and intervention for the younger patients.
Furthermore, clinical response during the trial seemed to be associated with antidepressant regimens and symptom patterns. Flupenthixol melitracen and fluoxetine were mostly used for their relatively higher remission rate and widely employed in outpatient. Previous clinical studies focused on only 1 or 2 antidepressants for patients with FD, and have found that certain drugs (mirtazapine, amitriptyline) can significantly improve symptom (early satiety, pain). [10, 30, 31] In our study, citalopram was found to be superior to sulpiride and mirtazapine in overall analysis and regimens containing fluoxetine was superior to any other antidepressant regimens in PDS subgroup analysis. Furthermore, long-term follow-up indicated that the small dose antidepressant could help more than one third of the patient with FD who do not benefit from routine treatment remain remitted for >30 months. Thus, this observation provided evidence for the future application of these medications.
However, there were some limitations to this study. Firstly, this retrospective chart review meant that not all patients had systematic questionnaires to address psychiatric disorders. Secondly, different antidepressant regimens, dosing variety, and patient follow-up intervals were inherent to the retrospective study considerably weakened the conclusion. Finally, complementary taking of PPI, prokinetics, or other medication could be a confounding factor, even when they were firstly proved insufficient in symptom relief from the prior routine therapy. In summary, this retrospective cohort study indicates that small-dose antidepressant therapy is an effective and well tolerated treatment option to improve symptom in refractory FD, resulting in great patient satisfaction and minimal adverse effects. Notable effects of citalopram in patients with FD and fluoxetine in PDS subgroup were observed. More efforts should be made to expand access to antidepressants and validate its efficacy and safety, considering its potential for managing the diverse and refractory symptoms of FD.
